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Abstract 
According to the status of 7312-2 light-face in Longdong Coal Mine, the technology of three-phase foam and its 
application were studied. The three-phase foam and its extinction theory are particularly introduced in this paper. The 
primary form of coal ash and yellow mud samples were received by analysis with instrument Laser Partical Sizer, and 
the coal ash was determined as the experimental material. With experiments of the proportion of ash and water and 
performance of foaming agent, the optimum proportion is 1:4, and the performance of foaming agent is best when the 
critical micelle concentration is 0.7%. Continuously, through matching experiments with foaming agents, No.3 and 
No.6 foaming agents were selected finally, and matching proportion was 1:1. Based on the practice of 7312-2 light-
face, the process flow of three-phase foam and its primary technical parameters were designed. The monitoring 
results of the concentration of CO and temperature show that the effect of the three-phase foam for extinction is 
outstanding. 
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Introduction 
The coal spontaneous combustion is one of the serious mine disasters in China. There is the risk of 
spontaneous combustion in 56 percent of national major coal mines (Xu et al., 2010). As a result, the coal 
spontaneous combustion wastes a large amount of resource and affects the safe production of mines. In 
order to prevent coal from combusting, several techniques are widely used both at home and abroad, such 
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as grouting, spraying resistance agents, pumping inert gas, gelatum, dytory, inhibited aerosol, form resin, 
and forced filling inert bubble, etc(Tian et al., 2009). Although these techniques and materials play an 
important role in preventing combustion, they all have some problems (Chen et al., 2010), and only one or 
two terms in three forms(including solid, liquid, and gas)can be used as the medium in fire prevention. 
Therefore, the effect is not very ideal. In order to overcome shortages of present methods of fire control, 
and get the technique of preventing spontaneous combustion which is suitable for Longdong Coal Mine, 
the application of three-phase foam on the 7312-2 light-face is studied in this paper. 
7312-2 light-face which is ready to exploit has a complex geologic structure. The coal seam of 7312-2 
light-face is spontaneously inflammable and its near working face 7312 used to have a spontaneous fire. 
Thus, the extinguishing job is quite essential. To solve this problem, the formula of three-phase foam was 
investigated in the laboratory firstly, and then put into practice. This technology effectively avoided the 
occurrence of the fire on the working face. Finally, a wonderful effect was attained. 
1. The Technology of spontaneous combustion prevention using three-phase foam 
1.1. Three-phase foam and its mechanism 
The three-phase foam is composed of insoluble solid incombustible matter (coal ash or yellow mud) 
which is scattered in the liquid (water), inert gas (N2) and a small amount of additives (foaming agent and 
foam stabilizer). This becomes the liquid-solid-gas three-term system in which particles of solid coal ash 
attach to the gas wall and are distributed equally through sufficiently blending. The three-phase foam has 
functions of extinguishing fire with all three terms: solid, liquid and gas. It gets used of spreadability of 
coal ash or yellow mud, asphyxiation of nitrogen and the function of absorbing heat and cooling of water 
to extinguish fire, and dramatically improves the efficiency (Zi et al., 2010). Nitrogen can be effectively 
enveloped in the three-phase foam, dropped down to the bottom of the fire zone, and be released as 
bubbles break. So, inerting and explosion suppression of nitrogen are developed sufficiently. There are 
some solid materials existing in three-phase foam, such as coal ash or yellow mud, which compose one 
part of facial mask of three-phase foam and keep bubbles stable for a long time. As bubbles break, the 
coal ash and yellow mud which are still viscous can continuously cover float coal. This effectively 
prevents the coal from oxygen absorption, and stifles the process of spontaneous combustion of the coal 
(Wu, 2008). 
1.2.  Experimental research on the technology of the three-phase foam 
(1) The selection and quality analysis of materials 
Materials which were chosen in this experiment are coal ash from Longdong Coal Mine, yellow mud 
and tap water from Xu Zhou, and compressed air. The property of coal ash and yellow mud was analyzed, 
and the proper solid term was selected.   
Analyze the diameter of particles of coal ash and yellow mud by using instrument LS800 particulate 
size description analyzer (0.05-300μm). The results are shown in Fig. 1 and Fig. 2.  
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Fig. 1 The analysis of particles of coal ash                              Fig. 2 The analysis of particles of yellow mud  
 
Fig. 3 The analysis of mineral constituents of coal ash                    Fig. 4 The analysis of mineral constituents of yellow mud  
Analyze the mineral constituents of coal ash and yellow mud by using instrument D/Max-3B X-ray 
Diffractometer. The results are shown in Fig. 3 and Fig. 4.  
According to Fig. 3, the solid constituent of coal ash mainly contains quartz, mullite, feldspar, and 
partly contains haematite. All constituents are highly hydrophilic materials. The physical and chemical 
character of surface of the coal ash can be changed by adding foaming agent so that particles of coal ash 
can easily attach to foams. As a result, three-phase foam group is formed. 
As shown in Fig. 4, the solid constituent of yellow mud contains mainly quartz, calcium oxide, and 
partly haematite and magnetite. All constituents can transfer the property of surface of yellow mud from 
hydrophilia to hydrophobicity. Consequently, three-phase foam can be formed because the particles of 
yellow mud are easy to cling to foams.  
The chemical constituent of solid material, microstructure, and the quality of the water should take the 
examining result from Longdong Coal Mine as the standard.  
 (2) The determination of the ash and water proportion of three-phase foam 
Put materials into the water with volume of 50ml to make seriflux. Then add foaming agent and foam 
stabilizer, and blend for one minute. The foaming property of the foaming agent is indicated by the 
volume of producing three-phase foams, V0.  
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Table 1 The effect of the proportion of the ash and water to amount of producing foams 
Water Foaming agent Coal ash Volume V0
50 0.7 3 150 
50 0.7 6 200 
50 0.7 8.5 400 
50 0.7 12.5 650 
50 0.7 15 580 
50 0.7 18 480 
50 0.7 20 410 
The proportion of ash and water is optimum at 1:4, as shown in Table 1.  
 (3) The experiment of foaming performance 
In the experiment, the volume of water was 50ml, the proportion of ash and water was 1:4, the 
concentration of foam stabilizer was 2%, respectively. The data is shown in Table 2. Compared 
comprehensively, foaming agent 1, 3, 6 are better than others in terms of foaming effect and stabilizing 
time. In particular, agent 3 has the best foaming performance. Its foaming effect can be seen in Fig. 5. In 
addition, most of CMC of foaming agents in this experiment had the best performance when its 
constituent was 0.7%.  
Table 2 Foaming performance and stabilizing time of foaming agents at different constituents 
Number Concentration Volume Time Number Concentration Volume Time 
0.4 500 3 0.4 570 3 
0.5 485 6 0.5 650 3.5 
0.6 600 8 0.6 600 6 
0.7 700 11.5 0.7 600 5.5 
1 
0.8 600 16 
4 
0.8 650 9 
0.4 220 2 0.4 430 3 
0.5 320 3.5 0.5 480 4 
0.6 400 6 0.6 520 7 
0.7 340 7 0.7 500 7 
2 
0.8 420 7.5 
5 
0.8 520 7 
0.4 550 2.5 0.4 470 2 
0.5 600 5 0.5 500 6 
0.6 750 8 0.6 650 12 
0.7 800 12 0.7 750 15 
3 
0.8 700 18 
6 
0.8 680 19 
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Fig. 5 Foaming effect of agent 3                      Fig. 8 The volume of the foam vs the concentration of foaming agent  
(4) The performance of formula of foaming agents 
Match three foaming agents which are selected above with each other. Fix total mass concentration of 
the foaming agent at 0.7%, concentration of the foam stabilizer at 2%, and the proportion of ash and water 
at 1:4. Then study the foaming performance of new foaming agents. The result is shown in Fig. 6.  
 
4
8
12
16
20
24
28
fo
am
in
g 
tim
e 
(h
)
500
600
700
800
900
1000
vo
lu
m
e 
of
 fo
am
(m
l)
0 20 40 60 80 10
mass fraction(%)
0
Graph 1
1+3 foaming agent
1+6 foaming agent
3+6 foaming agent
                      0 20 40 60 80 100
Graph 1
1+3 foaming agent
1+6 foaming agent
3+6 foaming agent
12
mass fraction(%)
0 
Fig. 6 The foaming performance of new foaming agents               Fig. 7 The foam stability of new agents after matching 
As indicated in Fig. 6: new foaming agents gotten by matching three agents with each other have a 
good foaming performance. The foaming performance is better when the matching proportion is from 2:5 
to 5:2. After matching, the foaming performance rises firstly and then goes down. Particularly, the effect 
of new agent gotten by matching agent 3 and 6 is the best.  
The experiment of examining the foam stability of new agents after matching was done, and the result 
is shown in Fig. 7.  
 (5) The effect of concentration of the foaming agent on the performance of three-phase foam 
By changing the concentration of foaming agents, the changing regularity of foaming performance as 
the concentration of foaming agents varies is investigated. The result is shown in Fig. 8. 
As shown in Fig. 8, the temperature of monitoring spot 2 increases slightly, but keeps stable on the 
whole.  
As shown in Fig. 9, the concentration of CO rises as the distance to working face increases, but its 
highest value is below the standard value.  
To sum up, the technology of three-phase foam had a great effect on fire prevention and 
extinguishment in gob area of light-face 7312-2 of Longdong Coal Mine.   
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2. Practical application of three-phase foam technology 
2.1. Survey of the working face 
The working face has a length of about 125m, and the intake airway is 290m long. The middle part of 
the intake airway has fault. For this reason, there is a turning tunnel which is 50m long. The return 
aircourse has a length of 240m, the average inclination of working face is 2.5°, and average depth of coal 
seam is 4.5m. Light top coal carving mining technology is applied. The rate of recovery is low, therefore, 
it’s very possible that spontaneous inflammation can happen when the working face is exploiting.  
2.2.  Technological process of grouting 
The technology selected in this industrial experiment was ground fixed grouting technology. Because 
of restriction of the practical condition, air was applied instead of nitrogen in the production of foams. 
Seriflux was made together in the ground grouting station, and delivered underground under static 
pressure. Regulating valve and pressure gage which had been installed on the bypass pipe were used to 
control the amount of grouting. The specific process of grouting is shown in Fig. 9.  
 
Fig. 9 Grouting process of three-phase foam 
2.3. The effect of application 
The basic parameters of grouting three-phase foam in practical application are shown in Table 3.  
Table 3 The basic parameters of grouting three-phase foam 
Grouting quantity The proportion of Volume of air
（m
Quantity of foams
（m3 3/h） /h） （m3/h） ash and water 
10 1：4 300 300 
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Through continuously grouting three-phase foam for a period of time, the temperature of working face 
7312-2 and concentration of CO were monitored. The monitoring data is shown in Fig. 10 and Fig. 11.   
 
 Fig. 10 The curve of temperature variation in gob area                   Fig. 11 The curve of the concentration of CO variation   
3. Conclusions 
According to the practical situation of gob area of light-face 7312-2 in Longdong Coal Mine, the 
technology of fire prevention and extinguishment of three-phase foam was investigated in this paper. 
Through realistic application, conclusions are as follow: 
(1) Different foaming agents have different foaming effects and stabilizing time. By experiments, agent 
3 and agent 6 were selected to match as the foaming agent for fire prevention and extinguishment. The 
formula proportion is 1:1, the proportion of the ash and water is 1:4, and the concentration of foaming 
agents is 0.7%; SFD is selected as the foam stabilizer, and its concentration is 2%.  
(2) The foaming performance gets better as the mass concentration of foaming agents increases. But 
the volume of foams keeps stable when the mass concentration of foaming agents is over 0.7%. At this 
time, adding foaming agents does not work any more.  
(3) The practical application design of the technology of three-phase foam was done. The ground fixed 
grouting process was applied. The safe mining was accomplished due to the proposal of methods of fire 
prevention and extinguishment.  
References 
[1] Zi M X, Yan Z, Wu Z G, 2010. Applied Analysis on Three-phase Froth in Fire Rescue of Goaf. Shanx i Coking Coal 
Science & Technology, 2: 4-8. 
[2] Tian Z J, Wang D M, Ren W X, 2009. The mechnism of three-phase foam including nitrogen on fire prevention and 
extinguishment in the gob of mine. Science & Technology Information, 15: 722 
[3] Chen Z Z, Zhao Q M, 2010. The application of three-phase foam on fire prevention and extinguishment in mine. Coal Mine 
Modernization, 96(3): 26 
[4] Wu J G, 2008. The Application of Three-phase bubble Fire Prevention and Control Technology.  Journal of North China 
Institute of Science and Technology, 5(1)：27. 
[5] Xu J H, Hu H L, Zhu L, 2010. Talking about the control measures of coal seam spontaneous combustion in Jining the 2nd 
mine. Journal of Science & Technology Information,  13: 366 
